Stroke is one of the most critical diseases of the nervous system. It is believed that neurotrophic factors, including erythropoietin (EPO), may be potential neuroprotective agents. Considerable evidence has demonstrated that exogenously administrated recombinant human EPO (rhEPO) provides neuroprotection in different paradigms of brain damage (Buemi et al. 2000; Erbayraktar et al. 2003; Sirén, Knerlich, et al. 2001) . However, many clinical situations may likely require multiple doses of rhEPO, which may lead to potentially harmful increases in the red cell mass. Studies in animal models clearly show that EPO-induced increases in hematocrit can cause and worsen brain injury (Wiessner et al. 2001 ); however, Neuro-EPO with a truncated oligosaccharide chain has no erythropoietic properties and does not increase erythrocyte mass but remains fully neuroprotective in animal models of stroke, spinal cord injury, and peripheral neuropathy (Erbayraktar et al. 2003; Hasselblatt et al. 2006) . However, a way of targeting the drug to the ischemic regions is still lacking because the blood-brain barrier selectively regulates the input and output of various molecules into and out of the brain. Therefore, it is important to develop novel ways for drug delivery, such as intranasal administration to the brain (Yu et al. 2005) . In our previous studies, we have shown that intranasal delivery of Neuro-EPO significantly reduces infarct size in the gerbil brain even when administered a very short time (less than 5-10 min) after ischemic injury (Iliana et al. 2008; Sosa Testé et al. 2006 ); these results suggest that Neuro-EPO is therapeutically effective against stroke, and its intranasal administration is a valuable drug delivery method. In addition, this approach could be safer, less invasive, and 10 times more rapid than the intravenous route, although it may be associated with some nasal cavity discomfort (Iliana et al. 2008; Sosa Testé et al. 2006) .
It has been shown that a number of mechanisms are involved in the neuroprotective effects of EPO, such as activation of specific protein kinases, inhibition of reactive oxygen species and glutamate overproduction, modulation of neurotransmission, attenuation of apoptosis, and stimulation of angiogenesis (Acker T and Acker H 2004; Flynn et al. 2008; Garcia-Rodriguez and Sosa-Teste 2009; Hossmann 2008; Kulik et al. 2008; Lakhan et al. 2009 ); however, the neuroprotective effects of intranasal administration of Neuro-EPO are poorly understood. Considering that the EPO receptor (EPOR) is important for EPO's effect, and neuroglobin (Ngb) is an endogenous neuroprotector for the brain, we proposed that the expressions of EPOR and Ngb are probably related, and these proteins are involved in the neuroprotection of intranasal delivery of Neuro-EPO. Ngb, a novel heme-containing, respiratory globin protein, is widely expressed in the brain, including the cerebral cortex, hippocampus, thalamus, cerebellum, and brainstem (Burmester et al. 2004; Burmester et al. 2000; SchmidtKastner et al. 2006; Zhang et al. 2002) . Ngb is upregulated under hypoxic stress and is considered a neuroprotective protein both in vitro and in vivo (Hang et al. 2009; Li W et al. 2010; Sun et al. 2001; Sun et al. 2003) . Accordingly, the purpose of the current study was to examine the dynamic changes in EPOR and Ngb expression in the brain with intranasal delivery of Neuro-EPO over an extended recovery period, from 10 min to up to 5 weeks, and to characterize the underlying neuroprotective events in response to ischemic insults.
Materials and Methods

Animals and Preparation of Ischemic Insults
One hundred male Mongolian gerbils (12-15 weeks; 70-90 g) were provided by the National Center for Laboratory Animal Breeding (CENPALAB, La Havana, Cuba) and adapted to experimental conditions for 7 days. The animals were maintained in controlled environmental rooms with the following conditions: temperature of 22 ± 2C, relative humidity of 55% to 60%, 12-hr/12-hr light-dark cycle, and 15% to 20% room air changes per hour. All materials used to maintain the animals were autoclaved at 121C for 20 min. Food and water were provided ad libitum. Animal use was approved by a local animal care and use committee to minimize the overall use of animals. Each protocol was discussed and approved by the Institutional Ethics Committee of CENPALAB, considering the international regulations established by the International Council for Laboratory Animal Science (ICLAS).
The EPO used in the study was Neuro-EPO with sialic acid content at 4 to 7 mol/mol protein. During the biotechnological production of Neuro-EPO, various isoforms with different contents of sialic acid were obtained. EPO with sialic acid content at 4 to 7 mol/mol protein is considered low sialic acid containing, which is very similar to the one that occurs in the mammalian brain. Low sialic acidcontaining EPO will be rapidly degraded by the liver.
Animals were divided into two groups: unilateral permanent ischemia coupled with intranasal treatment of Neuro-EPO (Nasal-Neuro-EPO) and unilateral permanent ischemia without Neuro-EPO treatment as the control group (NasalVehicle). To examine the time course of expression of Ngb and EPOR in the brain, the following postischemia time points were used: 10 min, 1 hr, 12 hr, 24 hr, 48 hr, 72 hr, 1 week, and 5 weeks. Neuro-EPO was provided by the Center of Molecular Immunology (CIM; Havana, Cuba) and diluted in phosphate-buffered saline (PBS; pH 7.0) at 0.15 mM. The dosage of Neuro-EPO via nasal administration was 10 µl, 3 times daily for 4 days, beginning immediately after surgery.
Surgical Procedure and Measurement of Spontaneous Exploratory Activity
Gerbils were anesthetized with ketamine-atropinediazepam (47 mg/kg, 0.02 mg/kg, and 5 mg/kg, respectively). Lesions were performed according to the Butterfield and McGraw (1978) method. Briefly, the right common carotid artery (CCA) was isolated, double ligated using silk suture, and transected. In sham-operated animals, the artery was only isolated. Twenty-four hours after unilateral permanent ischemia, the appearance of some clinical signs of infarction was assessed: palpebral ptosis, bristling, loss of tone and reflexes in the four limbs, postural asymmetry, rolling or circling, and death. The animals were checked twice daily, morning and afternoon, to record the mortality. Neurological evaluation was made 24 hr after surgery using the scale. The method of the neuronal scoring was elaborated to give items tested and score definitions according to the existing table as reported by Lawner et al. (1979) . Each sign was scored separately, and then the sum of the scores created a general neurological score for each animal. The percentage of protection was calculated by comparing the neuronal scoring of each group with the control group.
Gerbils were placed in the center of a round 30-cmdiameter open field surrounded by a 25-cm high wall. A rearing event was defined as the animal assuming an upright posture on its hind limbs and tail and then returning any forelimb to the floor or touching the open field wall with any forelimb. It was not considered a rearing event if the animal subsequently straightened after a being in an upright position but did not touch the floor with a forelimb or if the animal assumed a kangaroo-like posture. Exploratory activity was determined by counting the rearing events during 3 min or 9 min in the open field. In the 9-min trials, the time was subdivided into three periods of 3 min each, and the number of events was recorded, producing three values per trial. Each value was plotted, and the line obtained by the least squares method was considered the habituation curve. The slope of the habituation curve was used to characterize the state of the animal.
Tissue Preparation and Immunohistochemical Mapping
At different time points after surgery, the gerbils were transcardially perfused with saline solution followed by buffered 4% formaldehyde solution (pH 7.0). Brains were carefully removed, maintained for several days in the fixative, and then processed for paraffin sectioning.
Three-to 5-µm-thick tissue sections were obtained and de-waxed in xylene and rehydrated through graded alcohols to PBS. The slides were placed in 3% hydrogen peroxide for 10 min to eliminate endogenous peroxidase activity. Microwave antigen retrieval for 20 min was then performed. After several rinses in PBS (pH 7.4), the tissue was incubated for 30 min in solution A (containing 5% normal goat serum) to block nonspecific binding. Tissue sections were then incubated in primary antibody overnight at 4C in PBS containing 1% goat normal serum and 0.25% Triton X-100. After several rinses, the tissue was incubated for 1 hr at 37C in solution B (biotinylated goat anti-rabbit/mouse immunoglobulin). Sections were rinsed and incubated in solution C (avidin-biotin-peroxidase complex) for 30 min. The avidinbiotin-peroxidase complex reaction was visualized by incubation in PBS containing 0.05% diaminobenzidine (DAB; Sigma, St Louis, MO) and 0.005% hydrogen peroxide for 5 min and then halted by several washings in PBS.
All antibodies were diluted in PBS (pH 7.0) containing 0.1% Triton X-100 and 0.05% BSA. The primary antibodies used were mouse-derived anti-Ngb (1:200; homemade) (Shang et al. 2006; Zhang et al. 2002) and rabbit-derived anti-EPOR (1:100; Boster, Wuhan, China). Corresponding biotinylated secondary antibodies and avidin-biotin-peroxidase complex solution were produced by Beijing Zhongshan Inc. (Beijing, China).
Stereological Analysis
Usually, there are two parameters for positive signal analysis in immunohistochemistry micrographs: intensity and area, represented by mean optical density (MOD) and total per area (TPA; area of positive signal per unit area of stained tissue) in the image analysis software Image Pro Plus (version 5.1; Media Cybernetics, Bethesda, MD). By combining the two parameters together as MOD × TPA, we can easily determine the positive signals within the manually selected area of interest (AOI) in different brain regions of the micrographs ). Therefore, the artificial unit of MOD × TPA was employed for measurement of the stereological analysis, which indicated the integrated optical density (IOD) of positive signal per unit area of stained tissue.
In detail, images of the stained sections (five sections per animal) were captured with a microscope connected to a CCD camera and a desktop computer. Seven representative brain regions were analyzed, including the cingulate cortex, striate cortex, auditory cortex, piriform cortex, and the CA For the analysis of the expression pattern of Ngb and EPOR, we used the ratio of IOD to represent the expression changes of the Nasal-Neuro-EPO group versus the NasalVehicle group, which is displayed as IOD 
Data Analysis
All data are expressed as mean ± SD. Statistical analysis of quantification of Ngb and EPOR immunoreactive cells was performed by means of the one-way ANOVA test. Student's t-test was used to compare the two means of different groups. p<0.05 was considered significant, whereas p<0.01 was considered highly significant.
Results
Mortality of Gerbils Treated with NasalNeuro-EPO Decreased after Surgery
The protective effect of Neuro-EPO was not evident at the 24-hr postischemia time point, when the number of deaths in both groups was similar (Table 1) . However, the mortality at 48 hr after brain ischemia was greater in the NasalVehicle group than that in the Nasal-Neuro-EPO group (p=0.02). Seventeen animals in the Nasal-Vehicle group were dead at 48 hr after ischemia, whereas no animals from the Nasal-Neuro-EPO group died before 48 hr postischemia.
Changes in the Neurological State of Gerbils Treated with Nasal-Neuro-EPO after Surgery
The animals treated with Nasal-Neuro-EPO showed better general states. The gerbils with higher neurological scores not only showed deterioration in the extremities corresponding to the damaged hemisphere but also showed defects on the opposite side, including bilateral palpebral ptosis. The neurological scores of the Nasal-Neuro-EPO and Nasal-Vehicle groups are shown in Figure 1A .
The open field testing to evaluate the exploratory activity of the animals showed significant differences (p<0.05) when comparing activity before surgery to after surgery in all groups of ischemic animals, except in the groups treated with Nasal-Neuro-EPO, which showed no difference. A marked behavioral difference existed at 24 hr between the ischemic animals in both treatment groups. The NasalNeuro-EPO group presented a slope of the habituation curve further from zero than the Nasal-Vehicle group (p=0.03; Fig. 1B ).
Morphometric Evaluation of Ischemic Neuronal Damage with Intranasal Neuro-EPO Treatment
The distribution of neuronal damage was evaluated by hematoxylin and eosin (HE) staining and Nissl staining. Brains of the Nasal-Neuro-EPO group showed less ischemic cell changes than the Nasal-Vehicle group. Ischemic damage after permanent unilateral common carotid occlusion increased over time. Morphometric analysis ascertained that the damaged neurons in the auditory cortex assessed 24 hr after ischemia were significantly decreased in the Nasal-Neuro-EPO group ( Fig. 2A and Fig. 3A) . In the hippocampus, morphological changes of the neurons were also significant. Five weeks after ischemia, extensive and severe morphological changes in neuronal cells were detected in the CA 2 to CA 3 regions of the hippocampus from the Nasal-Vehicle group (Fig. 2D and Fig. 3D ). However, no obvious neuronal damage was observed in the Nasal-Neuro-EPO group (Fig. 2C and Fig. 3C ).
Dynamic Changes of Ngb Expression in the Gerbil Brain with Intranasal Neuro-EPO Treatment
The level of Ngb expression after ischemia was upregulated in both the Nasal-Neuro-EPO and Nasal-Vehicle groups compared with the control, as partially shown for the auditory cortex at 12 hr (Fig. 4A,B) or 5 weeks (Fig. 4C,D) . However, the IOD Neuro-EPO /IOD vehicle changes in Ngb in the cerebral cortex decreased at two time points, 10 min and 48 hr, but upregulated at 1 hr to 24 hr and 72 hr to 5 weeks (Fig. 5) . At 48 hr after ischemia, Ngb expression in the Nasal-Neuro-EPO group was lower than that in the Nasal-Vehicle group and decreased until 72 hr (Table 2) . However, the expression pattern of Ngb in the hippocampus was completely different from that in the cerebral cortex (Fig. 6) ; hippocampal expression showed downregulated Ngb in the Nasal-Neuro-EPO group compared to the Nasal-Vehicle group at 1 hr to 24 hr (Table 2) but upregulated expression at all other time points compared to its preischemia expression level (data not shown).
Dynamic Changes of EPOR Expression in the Gerbil Brain with Intranasal Neuro-EPO Treatment
We further examined the expression pattern of EPOR in gerbil brains treated with intranasal Neuro-EPO. EPOR was observed to be extensively expressed in the gerbil brain not only in the cerebral cortex but also in the hippocampus. EPOR expression in the Nasal-Neuro-EPO group was higher than that in the Nasal-Vehicle group in three cerebral cortex regions at 10 min and in all cortex regions at 48 hr after ischemia ( Fig. 7 and Fig. 8) . After a global morphometric evaluation, we surprisingly found that the IOD Neuro-EPO /IOD vehicle changes in EPOR in the cerebral cortex showed a continuous downregulation from 1 hr to 24 hr ( Fig. 8 and Table 2 ). However, in the hippocampus, IOD Neuro-EPO /IOD vehicle changes in EPOR showed a biphasic pattern similar to that of Ngb: a quick upregulation at 10 min, downregulation from 1 hr to 24 hr, upregulation again at 48 hr, downregulation again at 72 hr and 1 week, Figure 2 . Hematoxylin and eosin-stained coronal brain sections indicate the ischemic injured region of the Nasal-Neuro-EPO and Nasal-Vehicle groups. At 24 hr after ischemia, the number of pyknotic, edematous, and necrotic cells in the auditory cortex of the Nasal-Neuro-EPO-treated group (A) is less than that in the Nasal-Vehicle group (B). At 5 weeks after ischemia, the number of pyknotic, edematous, and necrotic cells in the hippocampus of the Nasal-Neuro-EPO group (C) is less than that in the Nasal-Vehicle group (D). Arrowheads indicate cells with edema and necrosis. Scale bar = 50 µm. and a slight upregulation at 5 weeks ( Fig. 9 and Table 2 ). These patterns were also similar in the hippocampus between IOD Neuro-EPO /IOD vehicle and IOD Neuro-EPO /IOD normal (its expression level before ischemia; data not shown).
Discussion
Clearly, the mortality rate and behavioral differences of the animals observed between the Nasal-Neuro-EPO and the Nasal-Vehicle groups demonstrate the effectiveness of Neuro-EPO to counteract the acute effect of brain ischemia. The mortality rate of the Nasal-Neuro-EPO group was 26.4%, which was lower than the Nasal-Vehicle group, which showed a mortality rate of 73.6%. Moreover, a greater functional integrity at day 7 in the Nasal-Neuro-EPO group was observed compared with the Nasal-Vehicle group (data not shown). Motor and exploratory activity expressed by rearing counts was preserved in the NasalNeuro-EPO group. Results demonstrate the effectiveness of intranasal Neuro-EPO to counteract the deleterious effects of acute brain ischemia.
EPO is a cytokine synthesized by the kidney to regulate hematopoiesis. There are receptors for EPO throughout the central nervous system (CNS). EPO has a direct protective role against a variety of neurotoxic insults, such as hypoxia (Marti et al. 1996) , glutamate toxicity (Morishita et al. 1997) , free-radical injury, and exposure to neurotoxicants (Villa et al. 2003) . EPO has also shown neuroprotective Figure 3 . Nissl-stained coronal brain sections indicate the ischemic-injured region of Nasal-Neuro-EPO and Nasal-Vehicle. At 24 hr after ischemia, the number of pyknotic, edematous, and necrotic cells in the auditory cortex of the Nasal-Neuro-EPO group (A) is less than that in the Nasal-Vehicle group (B). At 5 weeks after ischemia, the number of pyknotic, edematous, and necrotic cells in the hippocampus of the Nasal-Vehicle group (C) is less than that in the Nasal-Vehicle group (D). Arrowheads indicate cells with edema and necrosis. Scale bar = 50 µm.
effects in rodent stroke models, reducing infarct size and improving behavioral and cognitive outcomes (Sirén et al. 2006) . It was reported that intranasally administrated I 125 -labeled Neuro-EPO in Mongolian gerbils was detected in the olfactory bulb and cerebellum at 5 min (Sosa Testé et al. 2006) . EPO has now been safely administered to stroke patients (Ehrenreich et al. 2002; Hasselblatt et al. 2006) , but little was known about the mechanisms mediating the neuroprotective activity of EPO in vivo. As EPO and Ngb are both important proteins in the therapeutic responses to ischemia (Milano and Collomp 2005) , our current studies revealed the potential therapeutic effect of Nasal-Neuro-EPO treatment.
As an oxygen carrier and potential neuroprotective factor in neuronal cells, Ngb may enhance the tolerance to ischemic insults (Wang et al. 2008 ) and be a potential biomarker for brain insults after ischemia (Shang et al. 2006 ). In the acute phase 10 min after ischemia, expression of Ngb in the Nasal-Neuro-EPO treatment group decreased immediately in the cerebral cortex but increased in the hippocampus, supporting the hypothesis that the hippocampus is more sensitive to ischemia than the cerebral cortex. This expression pattern was continuously higher in the cerebral cortex and lower in the hippocampus from 1 hr to 24 hr, the early recovery phase, which is consistent with the cerebral cortex having superior ischemic tolerance. After the adjustment phase of 48 hr and during the late recovery phase from 72 hr to 5 weeks, the Nasal-Neuro-EPO/Nasal-Vehicle ratio for Ngb in the cerebral cortex continuously increased, whereas in the hippocampus, it increased from 48 hr to (Ngb) in the gerbil brain with intranasal Neuro-EPO treatment. At 12 hr after ischemia, Ngb expression in the auditory cortex of the Nasal-Neuro-EPO group (A) is higher than that in the Nasal-Vehicle group (B). At 5 weeks after ischemia, Ngb expression in the auditory cortex of the Nasal-Neuro-EPO group (C) is still higher than that in the Nasal-Vehicle group (D). Scale bar = 100 µm.
5 weeks, except for the 72-hr time point. Therefore, within the first 48-hr postischemic insults, the expression patterns of Ngb in the cerebral cortex and the hippocampus are quite contradictory (Table 2) , indicating a completely different mechanism of Nasal-Neuro-EPO neuroprotection against ischemic insults in the cerebral cortex versus the hippocampus. This is the typical biphasic pattern of Ngb expression in the cerebral cortex and the hippocampus. Therefore, the . ↑ = upregulation; ↓ = downregulation, compared with control group. ↑ and ↓: p<0.05; ↑↑ and ↓↓: p<0.01. Neuro-EPO = neuronal erythropoietin; EPOR = erythropoietin receptor; Ngb = neuroglobin.
upregulation of Ngb seemed to be a neuroprotective marker for ischemic insults at different time points (early recovery phase of 1 hr to 24 hr and late recovery phase of 3 days to 5 weeks) in the cerebral cortex. On the other hand, Ngb was downregulated at the early recovery phase of 1 hr to 24 hr in the hippocampus, which is consistent with the fact that the hippocampus is sensitive to ischemic insults.
The EPO/EPOR system is neuroprotective against ischemic insults in the CNS (Ehrenreich et al. 2009; Minnerup et al. 2009 ). Alcalá-Barraza et al. (2010) recently demonstrated that intranasal delivery of EPO in adult rats resulted in substantial concentrations of this neurotrophic factor widely throughout the brain and cervical spinal cord. The EPOR is expressed in many neurons throughout the CNS, particularly enriched in the cortex and hippocampus (Brines et al. 2000) . The upregulation of EPOR in the cortex and hippocampus mediated the neuroprotection of NasalNeuro-EPO treatment (Sanchez et al. 2009 ). Exogenous EPO added postischemia resulted in EPOR upregulation in the brain, suggesting the therapeutic potential for brain injury (Sirén, Fratelli, et al. 2001 ). In the ischemic insults model in this study, the expression of EPOR in the brain also showed a postischemia dynamic change. From our data, the expression of EPOR in the cerebral cortex was downregulated from 1 hr to 24 hr but upregulated at 48 hr, which was complementary with Ngb within the first 48-hr postischemic insults. It is interesting to point out that the 48-hr postischemic insults seemed to be a switching time point for the expression of both EPOR and Ngb in the brain. During the late recovery phase 72 hr to 5 weeks postischemic insults, the expression of Ngb was upregulated in the cerebral cortex, whereas the expression of EPOR was not significantly changed (Table 2) . Thus, Ngb and EPOR may act as important intercoordination neuroprotectors in the cerebral cortex during early recovery phase (1-24 hr) postischemia, but the mechanism of the complementary expression between these two important proteins needs to be further investigated. It is worth mentioning that in the acute phase of 10 min, EPOR showed a slight upregulation in the hippocampus. Although it has been reported that after intranasal administration of Neuro-EPO in this model, it reaches the brain in 5 min (Sosa Testé et al. 2006) , the significant changes of EPOR protein expression at 10 min after intranasal Neuro-EPO administration may be attributable not only to Neuro-EPO treatment but also probably because of stroke surgery or some unknown mechanisms. For example, Sirén et al. reported that 25 min after intranasal EPO administration, EPO was detectable in many regions of CNS in sufficient concentrations to activate the prosurvival PI3-Kinase/Akt pathway (Sirén, Knerlich, et al. 2001) . However, the expression of EPOR in the hippocampus was accordant with Ngb within the first 48-hr postischemic insults. During the late recovery phase, EPOR still remained downregulated in the hippocampus from 72 hr to 1 week but upregulated at 5 weeks ( Table 2 ). The similar expression pattern between Ngb and EPOR in the hippocampus and the overall downregulation of endogenous EPOR after the ischemic insults were probably related to the lower ischemic tolerance of the hippocampus with respect to the higher ischemic tolerance of the cerebral cortex under intranasal treatment of Neuro-EPO. This will be further studied by using quantitative approaches such as reverse transcription-polymerase chain reaction (RT-PCR) and Western blot in future studies, together with the immunohistochemical methods.
Otherwise, the protective effect of intranasal delivery of Neuro-EPO may be ascribed to the therapeutics in time. It is well known that the term golden hour is now a general concept in emergency medicine that is applied to conditions in which hyperacute therapy is more effective than later intervention, including trauma, myocardial ischemia, septic shock, cardiopulmonary resuscitation, and stroke (Hildebrand et al. 2005; Safar 2000; Saver et al. 2010) . A pilot retrospective study showed that the first 60 min is the important "golden hour," which means that patients who receive thrombolytic therapy more immediately will get eusemia (Saver et al. 2010) , and there would be the lowest death percentage for patients with occult hypoperfusion Figure 7 . Dynamic expression of erythropoietin receptor (EPOR) in the gerbil brain with intranasal Neuro-EPO treatment. At 48 hr after ischemia, EPOR expression in the striate cortex (A) of the Nasal-Neuro-EPO group is higher than that of the Nasal-Vehicle group (B). At 48 hr after ischemia, EPOR expression in the auditory cortex of the Nasal-Neuro-EPO group (C) is higher than that of the NasalVehicle group (D). Scale bar = 100 µm. (OH) within the first 24 hr, including stroke insult (Blow et al. 1999) . Therefore, the 10-min to 1-h postischemia period was the most important "golden hour" in our study, as also shown by switching time of the expression of Ngb and EPOR, which was also the transition time from acute insults to the early recovery phase. A pilot retrospective study also showed that ischemic insults can be mitigated when patients receive proper treatment on the "silver day," which is 1 to 3 days after ischemia (Safar 2000) . Accordingly, our data showed that during the silver day of the 24-to 72-h postischemic insults, the gerbils had transited from the early recovery phase to the late recovery phase of the brain.
In summary, our current results not only showed that the intranasal delivery of Neuro-EPO is a valuable neuroprotective approach for the treatment of ischemia but also suggested that Ngb and the EPO/EPOR system have a close relationship with ischemic insults. Ngb may act as a positive neuroprotective biomarker for brain ischemic insults or brain protection in vertebrates, including humans (Jin et al. 2010) . Thus, the overall expression patterns of Ngb at different time points after ischemic insults suggested that it might be an indicator of the neuroprotective action of Neuro-EPO in the brain. Actually, recent studies have also reported that treatment with EPO after brain ischemia could upregulate Ngb expression in the brain Li Y and Tang 2010; Ye et al. 2009 ), concurring with this study. Furthermore, the neuroprotective effects of EPO have various complementary actions, including antagonism of the effects of glutamate, increased expression of antioxidant enzymes, changes in the production of neurotransmitters, and induction of Ngb (Milano and Collomp 2005) . In addition, we have recently demonstrated that Ngb has antioxidant and free-radical scavenging activities, providing fundamental evidence for the neuroprotective function of this protein (Li W et al. 2010) . Therefore, the neuroprotective functions of Ngb and EPO/EPOR in the brain are probably closely related. The dramatic expression pattern of endogenous Ngb and EPOR is possibly important for improving gerbil survival with intranasal Neuro-EPO treatment. EPO played a neuroprotective role mediated by EPOR accompanied with Ngb upregulation. In addition, the distinctive biphasic expression patterns of Ngb in the gerbil brain are largely associated with ischemic tolerance in the cerebral cortex and ischemic sensitivity in the hippocampus. These data are important for understanding the different reaction properties of different brain regions, which are subjected to ischemic insults at specific time points and also important for improving the therapeutic effects of intranasal Neuro-EPO administration.
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